Abstract. Through the self-developed ground source heat pump ground tube heat transfer mechanism simulation test bench, the purpose of this paper is to explore the heat transfer mechanism of ground source heat pump based on the single U-shaped vertical buried pipe inlet and outlet spacing. The experiment uses the control variable method to measure and record the temperature of each inlet and outlet of the single U-shaped vertical buried pipe and the temperature of each measuring point inside the quartz sand of the backfill material by changing the spacing of the inlet and outlet of the single U-shaped vertical buried pipe. The curve of the temperature of each measuring point inside the quartz sand with time back is drawn and the relation expression is obtained. In addition, the relationship between the temperature difference between the inlet and outlet and the distance between the buried pipes is obtained. The relevant results and conclusions of this experimental study can provide scientific guidance for the practical application of a single U-shaped vertical buried-tube ground source heat pump.
Introduction
Ground-source heat pump technology first appeared in European and American countries. Due to its outstanding advantages of energy saving and environmental protection, it was rapidly promoted and used in Europe and the United States in the 1940s; it is widely used in the world because of its high efficiency, stability, energy saving and environmental protection. Extensive research and application [1] [2] . Improving energy efficiency, using clean and renewable energy sources according to local conditions has become the research focus of energy research projects and research institutions that countries are competing for [3] [4] . Therefore, the research on ground source heat pump has high theoretical significance, practical value and social and environmental benefits.
One of the key technologies of the ground source heat pump system is the design and layout of the buried heat exchanger, and the buried pipe spacing is an important parameter [5] for the design process of the vertical buried ground source heat pump system. Du Shimin [6] and others used the soil source heat pump experimental system as a platform to carry out summer working conditions experiments. The heat transfer performance of single and double U-type buried tube heat exchangers was analyzed when the pipe spacing was 4 m. A single U-shaped buried pipe with spacing was experimentally studied. The experimental results show that the pipe spacing has a great influence on the operation of the system, and a reasonable pipe spacing of the buried pipe in the long-term operation of the soil source heat pump system in the hot summer and cold winter regions is obtained. Jiang Jianlong [7] and Yan Xiaona [8] and others all calculated the total length of the U-shaped buried pipe in the study. Zhao Yuying [9] et al. conducted a numerical simulation calculation on the inclination angle of U-tube embedded in the study, and concluded that the angle of 75 degrees with the horizontal ground is the best inclination angle of the buried pipe.
The above existing research results show that the buried pipe spacing of single U-tubes has an important impact on the entire ground source heat pump system, but because of their complicated experimental system, few experts and scholars on the single U-shaped import and export in the experimental process. Reasons for the quantitative study of the buried pipe spacing; this paper proposes an experimental device for the ground heat transfer mechanism of the ground source heat pump for indoor experimental research independently developed by the similar principle. Based on a large number of experimental tests and data analysis, the single U-shaped vertical The heat transfer mechanism of the ground source heat pump with the inlet and outlet spacing of the buried pipe was explored.
Experimental Introduction
Ground Source Heat Pump Working Principle The structural feature of the system is that there is a buried tube heat exchanger consisting of underground buried pipes. The installation forms mainly include horizontal buried pipes and vertical buried pipes. The horizontal buried pipe form is to dig a trench of 1~2m deep on the ground, and 2, 4 or 6 plastic pipes are buried in each trench. The vertical buried pipe is in the form of drilling holes with a diameter of 0.1~0.15m in the bottom layer, and one set (2 pieces) or 2 sets (4 pieces) of U-shaped pipes are arranged in the borehole and filled with grouting material. The depth of the hole is usually 40~200m. Vertical buried pipes save a lot of land area compared to horizontal buried pipes.
According to the geometric similarity principle of borehole, this paper independently researches and develops the heat transfer mechanism simulation model of ground source heat pump buried pipe, and conducts an experimental study on the heat transfer mechanism of ground source heat pump with single U-shaped vertical buried pipe inlet and outlet. The similarity ratio in Table 1 is the geometrical ratio of the borehole geometry in the experimental device to the actual borehole diameter of the actual ground source heat pump. The geometry of the borehole diameter in the experimental device is higher than the actual ground source heat pump. The geometrical diameter of the borehole diameter used in the vertical buried pipe is large, and the main purpose is to facilitate the control of the inlet and outlet spacing of the single U-shaped vertical buried pipe for the experimental variable of the experiment. Figure 2 . Schematic diagram of the experimental device.
Experimental Device
1. Paperless recorder, 2 temperature sensor, 3 water outlet, 4 backfill materials, 5 water bath heating device, 6 heat exchange tubes, 7 temperature sensors, 8 water inlets, 9 circulating water pumps, 10 temperature sensors
As shown in the schematic diagram of the experimental device shown in Figure 2 , the inside of the experimental device is a cylindrical barrel with a diameter of 250mm and a height of 300mm and a material of PP. It is used to simulate the drilling of the buried pipe; it is filled with backfill material and replaced Heat pipe; backfill material is dry quartz sand with particle size of 0.125mm~0.5mm; U-shaped tube has inner diameter of 8mm, outer diameter is 10mm, material is transparent PVC; external is a constant temperature water bath heating device To simulate the shallow layer of underground temperature. The model of the circulating water pump is HMS40-8, power 370W, voltage 220V, maximum flow rate 145L/min; sensor model is PT100, measuring accuracy is 0.1 °C; paperless recorder is THTZ multi-channel paperless recorder.
The experimental process starts the constant temperature water bath heater to heat the whole system, and the heat is transferred in the cylindrical barrel through the backfill material. The heat exchanger 6 cooperates with the circulating water pump 9 to conduct the heat in the backfill material to the water outlet 3, and then the PT100 temperature sensor 2 collects Temperature information is sent to the paperless recorder.
Through the ingenious conception, this experiment accurately simulates the shallow geothermal constant temperature zone to achieve accurate collection of experimental parameters of the ground-source heat pump buried pipe inlet and outlet spacing.
Among them, change the spacing of the inlet and outlet of a single experimental variable, test each group of data in each case of change, and analyze the experimental results after the variable is changed several times to explore the factors affecting the temperature of the outlet and the spacing of the buried pipe. Specific impact on outlet temperature.
Experimental Process
The experiment was carried out at room temperature; the temperature of the water bath heating was constant at 60 ° C; the buried pipe method was a single U-shaped vertical type; the experiment was divided into seven groups, and the spacing between the inlet and outlet was 40 mm, 60 mm, 80 mm, 100 mm, respectively. 120 mm, 140 mm, 160 mm.
As shown in the schematic diagram of the experimental apparatus of Fig. 2 , at the beginning of the first set of experiments, the paperless recorder 1 is connected to each temperature sensor; the temperature of the water bath heating device 5 is adjusted to 60 ° C, waiting for the water temperature to be constant; in the internal device The buried depth of the heat exchange tubes was set to 300 mm, and the inlet and outlet pitches were 40 mm.
Then put the backfill material quartz sand until it is 250mm away from the surface of the drum, and embed the temperature sensor No. 3 in the center of the drum. The temperature sensors of No.1 and No.2 are buried in the same straight line according to the horizontal distance of the temperature sensor No.1. Continue to put the backfill material quartz sand until the surface of the drum is 100mm, and the temperature sensors 4, 5, 6, and 7 are buried in the same straight line with a horizontal distance of 50mm; the serial number and position of the temperature sensor, such as the inside of the experimental device The front view is shown in Figure 3 . Finally, a temperature sensor is arranged at each of the 10 water inlets and the 2 water outlets; an appropriate amount of tap water is added to the 8 water supply, and finally the circulating water pump 9 is started to start the entire experimental system. After the value of the outlet temperature sensor is stabilized, 600 data is collected for each temperature sensor simultaneously with a paperless recorder during the period of 1 to 600 s, and a total of 5400 experimental data are collected.
After the first experiment, keep the depth of each buried pipe constant at 300mm, and set the inlet and outlet spacing to 60 mm, 80 mm, 100 mm, 120 mm, 140 mm, and 160 mm in turn; repeat the above experimental steps for the second. Three, four, five, six, seven experiments.
After the experiment, the experimental data collected by the seven temperature sensors inside the first set of experimental backfill materials were selected, and the fitting curves and relationship expressions of the values of each temperature sensor with time were established. Then, all experiments were used for seven experiments. The measured data of the water outlet and the inlet temperature sensor obtained the temperature difference between the outlet and the inlet of each experiment, and established a relationship diagram with time.
Results and Discussion
According to the test data collected by the temperature sensor 1~7 inside the test device, the relationship between the values of each temperature sensor and the time is established as shown in Table 2 : Table 2 . Relational expression of internal temperature of backfill material with time. In each of the above relational expressions, x represents time, the unit s; y represents temperature, and the unit is °C; and the fitting degree of each expression is relatively good, indicating that the internal temperature of the test device changes significantly. In the relational expression of each of the above temperature sensors, x represents time, the unit s; y represents temperature, the unit is ° C; and the fitting degree of each expression is relatively good, indicating that the internal temperature of the experimental device changes significantly. Figure 4 shows the temperature difference of the inlet and outlet of each group of experiments as a function of time; the data in the figure shows that the temperature difference between the inlet and outlet is fluctuating with time, because it is affected by the outside temperature, but In general, it tends to be stable; next, the experimental data of each group are averaged for analysis. Table 3 . Average value of temperature difference between inlet and outlet of different U-tubes. Table 3 shows the average temperature difference between the water outlet and the inlet under different U-tube inlet and outlet spacing conditions Figure 5 shows the relationship between the difference between the inlet and outlet pipe spacing of the U-tube and the average value of the temperature difference between the inlet and outlet. Equation (8) is the functional model one-dimensional Gauss formula of this curve relationship;(9) is a relational expression obtained by fitting the experimental data using the formula (8) one-dimensional Gaussian formula; where x is the distance between the inlet and outlet of the U-shaped tube, the unit is mm; y is the outlet of the U-shaped tube and The average temperature difference of the inlet, in °C; fitR 2 = 0.9809. It can be seen from the fitting results that there is a certain relationship between the different inlet and outlet pipe spacing of the U-tube and the average temperature difference between the inlet and outlet. In Figure 5 , the curve has a region that is suddenly recessed downward, which indicates that the temperature field in a certain area inside the backfill material is buried in the hole diameter and hole depth, and the formulation of the backfill material is determined. The temperature difference between the inlet and outlet has a significant effect.
Conclusion
(1) In this model, the formula of the backfill material is a single quartz sand, and the shallow layer of soil is replaced by a water bath heating method. The hole is replaced by a cylindrical plastic bucket, and a single U-shaped vertical buried pipe is used; The spacing of the different inlet and outlet pipes of a single U-shaped vertical buried pipe will have different effects on the temperature difference between the inlet and outlet.
(2) In this model, the temperature difference between the inlet and outlet of the U-tube varies with the spacing, and the overall one-dimensional Gaussian function curve changes. From the curve, it is known that the curve should be avoided as much as possible when the tube is buried. The trough area segment. It is most unreasonable to choose a buried pipe with a buried pipe spacing of 120 mm. The temperature difference between the 40 mm and 160 mm inlet and outlet is compared in a unit time. The buried pipe spacing is 40 mm. The temperature difference between the inlet and outlet of the pipe method is larger, and the circulating fluid brings out more energy of the whole system; this result has certain guiding significance for the actual pipe laying project.
